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METHOD FOR PRODUCING COMPLEX 
METAL OXIDE POWDER 

FIELD OF THE INVENTION 

The present invention relates to a method for producing a 
complex metal oxide poWder. It particularly relates to a 
method for producing a complex metal oxide poWder suit 
able as a material for electronic components such as multi 
layer capacitors, actuators, ?lters, etc. 

BACKGROUND OF THE INVENTION 

Complex metal oxide poWders are used as materials for 
high-performance electronic components such as phosphors, 
dielectrics, pieZoelectrics, ferroelectrics, ferrite, etc. Particu 
larly, titanate poWders provide an excellent performance as 
dielectrics, ferroelectrics, pieZoelectrics, and pyroelectrics, 
etc., and are used in, for instance, multilayer capacitors, 
actuators, and ?lters. In response to demands for reducing 
the siZes of electronic devices, studies for reducing the siZes 
of these electronic components are promoted, and the com 
plex metal oxide poWders as materials have been improved 
so as to be suitable for the siZe-reduced electronic compo 
nents. 

For instance, in a multilayer capacitor formed by using 
barium titanate, Which is one of titanates as complex metal 
oxides, dielectric layers that form a capacitor are made of 
sintered barium titanate, and one layer is as thin as 10 pm. 
To achieve this thickness, the barium titanate particles are 
required to be ?ne particles With a mean primary particle 
diameter of not more than 0.3 pm. 

Besides, as a sintered products are generally required to 
have ?ner grain siZe to increase the mechanical strength of 
electronic components, complex metal oxide poWders as 
materials of sintered products are required to have ?ner 
particles. In the case Where particles have an approximately 
spherical particle shape, the sintering property is improved. 
Therefore, complex metal oxide poWders having ?ne par 
ticle in an approximately spherical particle shape are 
demanded. 

Conventionally, as a method for producing a complex 
metal oxide, the solid phase synthesis has been knoWn, in 
Which poWders of metal element compounds are mixed and 
calcined, and an obtained complex metal oxide is crushed. 
Besides, the Wet processes are also knoWn, for instance, the 
hydrolysis of alkoxide method in Which alkoxides of metal 
elements composing a complex metal oxide is hydrolyZed 
and precipitates thus obtained are dried and calcined, the 
hydroxide method in Which precipitates obtained by neu 
traliZation of an aqueous solution containing metal elements 
composing a complex metal oxide is dried, calcined, and 
crushed, and the hydrothermal synthesis method in Which an 
aqueous solution containing compounds of metal elements 
composing a complex metal oxide is heated under a high 
pressure. 

The solid phase method and the hydroxide method are 
economical methods suitable for industrial manufacture, but 
they require an intensive milling step, Which has draWbacks 
of contamination in a poWder due to the chipping of a ball 
or the like used in a ball mill, and ?ne particles tend to 
aggregate because of high surface energy. 

Therefore, by such a conventional method, it is dif?cult to 
produce a complex metal oxide ?ne poWder used as a 
material for a dielectric layer of a multilayer capacitor that 
is required to be further thinner. 
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2 
JP8(1996)-119745A discloses a method for producing a 

perovskite-structure oxide poWder made of barium titanate 
or the like by the hydrothermal synthesis method. HoWever, 
since including a heat treatment at 200° C. under a pressure 
of 20 Kg/cm2, the method requires a speci?c device, and is 
not deemed to be a costly advantageous producing method. 
JP7(1995)-187612A discloses a method for producing a 

complex metal oxide poWder having a mean primary particle 
diameter of 1.0 pm to 45 pm and having an approximately 
spherical particle shape by calcination in a hydrogen halide 
gas, but from the vieWpoint of making particles ?ner, it is not 
suf?cient yet. 
JP8(1996)-208226A discloses a method for producing a 

complex metal oxide poWder having a mean primary particle 
diameter of 0.3 pm and having an approximately spherical 
shape by calcination in an iodine atmosphere. The method in 
Which iodine is vaporiZed for use, hoWever, cannot be 
considered as a method advantageous for industrial manu 
facture. 
An object of the present invention is to provide a method 

for producing a complex metal oxide poWder Whose par 
ticles are very ?ne, each in an approximately spherical 
particle shape. 

SUMMARY OF THE INVENTION 

The inventor of the present invention earnestly studied to 
solve the foregoing problem, and consequently succeeded in 
completing the present invention. 
More speci?cally, the present invention provides a 

method for producing a complex metal oxide poWder, com 
prising the step of heating at least tWo kinds of metal salts 
or a complex metal salt comprising at least tWo kinds of 
metals to a temperature at Which transition to a complex 
metal oxide occurs, and then, calcining the metal salts or the 
complex metal salt in an atmosphere containing a hydrogen 
halide gas. 

DETAILED DESCRIPTION OF THE 
INVENTION 

A metal salt used in the present invention is a metal salt 
that is used as a material in production of a complex metal 
oxide and that provides a metal oxide When calcined, and it 
may be any one of inorganic metal salts and organic metal 
salts. From the vieWpoint of the availability, it is preferably 
an inorganic metal salt. Examples of an inorganic metal salt 
include metal oxides, metal carbonate salts, metal hydrox 
ides, gel of metal hydroxides, etc. Further, as Will be 
described later, metal halide salts may be used, such as metal 
?uoride salts, metal chloride salts, metal bromide salts. It 
should be noted that the above-described metal salts other 
than the metal halide salts may be referred to as “non metal 
halide salts” in some cases. 

These metal salts may be those available commercially, or 
those obtained by knoWn methods, such as the Wet synthesis 
method, the sol-gel method using an alkoxide compound, 
the method (hydroxide method) in Which precipitates of a 
hydroxide is obtained from an aqueous solution by neutral 
iZing reaction, etc. Furthermore, the combination of the 
metal salts to be used may be selected variously, according 
to a kind of a complex metal oxide to be obtained. 
The complex metal salt used in the present invention is a 

metal salt made of at least tWo kinds of metals, Which is used 
as a material in production of a complex metal oxide and 
Which provides a metal oxide When calcined. It may be any 
one of inorganic complex metal salts and organic complex 



US 6,986,879 B2 
3 

metal salts, but from the viewpoint of the availability, it is 
preferably an inorganic complex metal salt. Examples of an 
inorganic metal salt include complex metal oxides, complex 
metal carbonate salts, complex metal hydroxides, and fur 
ther, inorganic complex metal oxides having not less than 
tWo kinds of anion groups. In the case Where a complex 
metal oxide has not less than tWo kinds of anion groups, as 
Will be described later, one of the anion groups may be a 
halogen atom such as ?uorine, chlorine, bromine. As these 
complex metal salts, those available commercially are nor 
mally used, but they may be prepared by knoWn methods. 
For instance, in the case Where the complex metal oxide is 
barium titanate (BaTiO3), titanyl barium oxalate tetrahy 
drate as a complex compound of titanium and barium may 
be used as a material. 

In the present invention, in the case Where at least tWo 
kinds of metal salts are used, they may be mixed by a dry 
method or a Wet method before a heat treatment that Will be 
described later. For the mixing, a normal mixing method that 
is industrially used may be used, and examples of a mixing 
device used herein include a ball mill, a vibrating mill, a 
Henschel mixer, a vertical granulator, a dynamic mill, etc. 
The complex metal salt is variously selected, according to a 
complex metal oxide to be obtained. 

In the producing method of the present invention, the 
aforementioned at least tWo kinds of metal salts or the 
complex metal salt (hereinafter sometimes referred to as a 
metal salt material) is heated to a temperature at Which 
transition of a metal salt material to a complex metal oxide 
occurs. Herein, “the temperature at Which transition of a 
metal salt material to a complex metal oxide occurs” varies 
With the kinds of material metals, etc., but a temperature at 
Which the transition to a complex metal oxide occurs and a 
temperature at Which the formation of the complex metal 
oxide is ?nished can be determined beforehand according to 
a change in Weight of metal salts that is determined by the 
thermogravimetric-differential thermal analysis (TG-DTA) 
or the like. For instance, When a metal salt material is heated 
and observed by TG-DTA, a peak of exothermic reaction is 
observed at a temperature at Which transition to a complex 
metal salt oxide occurs. The temperature at the rising of the 
peak of exothermic reaction is regarded as a temperature at 
Which transition to the complex metal oxide occurs. Besides, 
normally, the temperature at Which the formation of a 
complex metal oxide is ?nished is 0° C. to about 400° C. 
higher than the temperature at Which the transition to the 
complex metal oxide occurs. 

First, the metal salt material is heated to “the temperature 
at Which the transition of the metal salt material to the 
complex metal oxide occurs”, Which has been determined 
beforehand by the method as described above. The heating 
method is not particularly limited. The heating to the deter 
mined temperature may be carried out by heating the metal 
salt material in a calcining furnace While the calcining 
furnace is heated together, or putting the metal salt material 
into a calcining furnace that has been heated to the deter 
mined temperature beforehand may be carried out. The 
heating of the metal salt material and the calcination that Will 
be described later may be carried out in different furnaces, 
respectively. 

After heating to “the temperature at Which the transition 
of the metal salt material to the complex metal oxide 
occurs”, calcination is carried out. The calcination is carried 
out in the presence of hydrogen halide gas. It should be 
noted that the hydrogen halide gas is hydrogen ?uoride gas, 
hydrogen chloride gas, hydrogen bromide gas, or a gas 
obtained by mixing these gases. Hydrogen chloride gas is 
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4 
preferable among these hydrogen halide gas. It should be 
noted that the heating of the metal salt material is in the 
substantial absence of hydrogen halide gas. Herein, the 
“substantial absence” means that the gas is at a concentra 
tion in a range such as not to affect the object of the present 
invention, and normally not more than about 0.1 vol %. 
After heating to the temperature at Which the transition of 
the metal salt material to the complex metal oxide occurs, 
the calcination is carried out in the presence of hydrogen 
halide gas. 

For the calcination in the presence of hydrogen halide gas, 
hydrogen halide gas may be fed to the calcining furnace after 
the heating to the temperature at Which the transition of the 
metal salt material to the complex metal oxide occurs. The 
method for feeding hydrogen halide gas is not particularly 
limited, and it maybe fed directly from a commercially 
available cylinder or the like, or a compound that generates 
hydrogen halide at a calcination temperature may be pro 
vided in the calcining furnace beforehand. 

In the case Where hydrogen halide gas is fed into the 
calcining furnace after the heating, preferably, the feeding of 
hydrogen halide gas is fed immediately after the metal salt 
material is heated to the temperature at Which the transition 
to the complex metal oxide occurs, for instance, When a 
proportion of transition of the metal salt material is not more 
than 50%, preferably not more than 30%. 
As a compound that generates hydrogen halide at the 

calcination temperature, the metal salt material containing a 
halogen atom is preferable. For instance, in the case Where 
at least tWo kinds metal salts are used, at least one of the 
metal compounds is a metal halide salt such as a ?uoride, a 
chloride, a bromide. In the case Where a complex metal salt 
is used, the complex metal salt preferably contains a halogen 
atom such as ?uorine, chlorine, and bromine. In the case 
Where a metal halide salt is used, at least one of the other 
metal salts is preferably non-halogenated substance. In the 
case Where a complex metal salt containing a halogen atom, 
the complex metal salt preferably further contains a non 
halogen atom. 

In the case Where a metal halide salt is used, a “non metal 
halide salt” composed of the same metal as that of the metal 
halide salt is preferably used. In this case, the “non metal 
halide” and the metal halide are used at a molar ratio of 
99.9:0.1 to 90:10, and preferably at a molar ratio of 99:1 to 
95:5. For instance, in the case Where a perovskite-structure 
oxide is barium titanate (BaTiO3), barium carbonate, barium 
?uoride, and titanium oxide are Weighed and mixed so that 
barium and titanium are at a molar ratio of 1:1, and a molar 
ratio of barium carbonate and barium ?uoride is preferably 
in a range of 99.9:0.1 to 90:10. 

As an effect of the supply of halogenated hydrogen gas at 
the foregoing speci?c temperature, it is considered that a 
poWder Whose particles are very ?ne and hardly aggregate 
can be obtained. 

For preparing the “non metal halide salt”, a method called 
as Wet method is applicable, and examples of the same 
include a method in Which a product by hydrolysis of 
alkoxide of a metal element is separated and dried, and a 
method in Which a precipitate obtained by precipitating a 
hydroxide from an aqueous solution containing a cation of 
a metal element by a neutraliZing reaction is separated and 
dried. Particularly preferable is a method in Which a pre 
cipitate obtained by precipitating a hydroxide from an 
aqueous solution containing a cation of the metal element by 
a neutraliZing reaction With use of an oxalic acid is separated 
and dried. 
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In the calcining step in the producing method of the 
present invention, apart from hydrogen halide, an inert gas 
such as nitrogen or argon, or air, preferably coexists. Air is 
more preferable. The gas preferably contains less moisture, 
and a concentration of Water vapor is preferably less than 
about 2 vol %. In the case Where a gas other than hydrogen 
halide coexists, a concentration of hydrogen halide gas is 
preferably in a range of about 1 vol % to about 10 vol %, and 
more preferably in a range of about 1 vol % to about 7 vol 
%. 
A calcination time is about 0.5 hour to about 5 hours, 

preferably about 1 hour to about 3 hours, though depending 
on in?uences of the material and the particle diameter. A 
calcination temperature is normally not loWer than about 
500° C. and not higher than about 1000° C., and preferably 
not loWer than about 700° C. and not higher than about 900° 
C. 

Examples of a complex metal oxide obtained by the 
foregoing method include MgTiO3, BaTiO3, CaTiO3, 
SrTiO3, (Ba,Sr)TiO3, Ba(Ti,Zr)O3, Pb(Zr,Ti)3, PbTiO3, 
SrBi2Ta2O9, SrBi2(Ta,Nb)O9, FeBaO3, etc. Among these, 
MgTiO3, BaTiO3, CaTiO3, and SrTiO3 are usable as mate 
rials for electronic components such as multilayer capaci 
tors, actuators, ?lters, etc. Among them, those Which are 
called perovskite-structure oxides are preferable. 

In the case Where the perovskite-structure oxide is barium 
titanate (BaTiO3), it is possible to use titanyl barium oxalate 
tetrahydrate as a material, Which is a complex compound of 
titanium and barium. In this case, for instance, barium 
?uoride may be added as a halogenated metal element, and 
titanium oxide may be added to make titanium and barium 
have a molar ratio of 1:1. 

According to the present invention, the generated com 
plex metal oxide particles hardly groW to large siZe, and 
particles hardly aggregate due to fusion betWeen particles. 
Therefore, it is possible to produce a complex metal oxide 
poWder Whose particles are very ?ne and excellent dispers 
ibility. 
As a material has a smaller primary particle diameter, the 

calcination temperature tends to decrease, and the poWder 
tends to have a smaller particle diameter. 

Furthermore, it is possible to control the particle diameter 
by adding a complex oxide in a ?ne particle form, Which 
serve as seed crystal. For instance, in the case of barium 
titanate, the particle diameter can be decreased by adding 
BaTiO3 in a ?ne particle form to a material. 

Furthermore, by the producing method of the present 
invention, a complex metal oxide poWder Whose particles 
have an approximately spherical shape and a uniform diam 
eter is produced. 

Since the complex metal oxide poWder produced by the 
producing method of the present invention contains a small 
amount of aggregated particles and aggregated very Weakly, 
only small milling energy is required for dispersing aggre 
gated particles, and hence, a short-period milling operation 
by a ball mill or a vibrating mill suf?ces to disperse the 
same. Consequently, the miling operation can be carried out 
substantially Without contamination due to the chipping of a 
medium such as a ball in a ball mill, as Well as Without 
causing particles to aggregate due to mill packing. 

If necessary, halogen ions can be removed readily by 
Water Washing. For instance, in the case Where the milling of 
a calcined product is carried out by a Wet method, halogen 
ions can be dissolved and removed. 
A complex metal oxide poWder produced by the produc 

ing method of the present invention is composed of particles 
that have an approximately spherical shape and a uniform 
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6 
particle diameter, and even in the case Where the particles 
are ?ne particles having a mean primary particle diameter of 
not more than 0.3 pm, the poWder exhibits excellent dis 
persibility, forming property, and sinterability, thereby suit 
able for forming thin sheet by means of a doctor blade 
froming method). Besides, the poWder composed of ?ne 
particles decrease the sintering temperature, causes a sin 
tered product to have ?ne grain siZe), thereby increasing a 
strength of the sintered product. Therefore, in the case of a 
titanate salt, it is preferable as a material for multilayer 
capacitors, actuators, ?lters, etc. 

EXAMPLES 

The folloWing Examples Will illustrate the present inven 
tion, but the present invention is not limited to these 
examples. 
1. Observation of Particle Shape 
A shape of particles With a primary particle diameter Was 

determined by observing a poWder With a scanning electron 
microscope (SEM, Model T-300 produced by JEOL Ltd.). 

2. Evaluation of Mean Primary Particle Diameter 
To determine the mean primary particle diameter, a BET 

speci?c surface of the poWder Was determined (by means of 
“FloWsorb II230” produced by ShimadZu Corporation, and 
a BET speci?c equivalent diameter Was derived therefrom 
and Was used as the mean primary particle diameter. 

3. Evaluation of Crystal Structure 
A crystalline structure Was determined by means of 

“X-ray diffractometer RU200” produced by Rigaku Inter 
national Corporation. 

4. Measurement of Temperature at Which Transition from 
Metal Salt Material to Complex Metal Oxide Occurs 

In the folloWing experiments, a metal salt material Was 
measured by TG-DTA, so that a temperature at Which the 
transition to a complex metal oxide occurred Was deter 
mined. Measurement by TG-DTA Was carried out under the 
condition that a sample Was heated from room temperature 
at a rate of 10° C./min, and a temperature at Which a peak 
of exothermic reaction started Was determined as a tempera 
ture of the transition to a complex metal oxide. For TG-DTA, 
“TG-DTA 2000” produced by MAC Science Co. Ltd. Was 
used. 

Example 1 

Ignition losses (a loss of Weight When moisture is 
removed by calcining to 1100° C. to obtain an oxide) of 
barium carbonate (produced by Kanto Kagaku, guaranteed 
reagent) and titanium oxide (produced by Ishihara Sangyo 
Kaisha, Ltd., TTO-55N Grade) Were determined, and devia 
tions in the Weight due to volatiliZation of Water and other 
volatile components are corrected according to the data of 
the ignition losses, so that barium carbonate and titanium 
oxide Were Weighed so as to have a molar ratio of 1:1. These 
materials Were mixed by a dry ball mill using a polyethylene 
pot and a plastic ball With an iron core. When the mixture 
Was heated to 800° C. as a temperature of the transition to 
a complex metal oxide, a gas composed of 5% of hydrogen 
chloride and 95% of oxygen Was fed therein, and the 
calcination at the foregoing temperature Was continued for 
tWo hours. ApoWder obtained Was single-phase BaTiO3, and 
had a mean primary particle diameter of 0.13 pm. Particles 
of the poWder Were in an approximately spherical and 
uniform shape. 
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Example 2 

Titanium oxide (“A-100” produced by Ishihara Sangyo 
Kaisha, Ltd.) different from that in Example 1 Was used, and 
Was mixed With barium carbonate in the same manner as that 
in Example 1. When the mixture Was heated to 850° C. as 
a temperature of the transition to a complex metal oxide, a 
mixture gas composed of 5% of hydrogen chloride and 95% 
of air Was fed to the atmosphere, and the calcination Was 
continued for tWo hours. 

Example 3 

NeutraliZed titanic acid synthesiZed by neutraliZation by 
means of titanium tetrahydrate Was calcined at 600° C. to 
obtain titania, Which Was then mixed With barium carbonate 
in the same manner as that in Example 1. When the mixture 
Was heated to 800° C. as a temperature of the transition to 
a complex metal oxide, a mixture gas composed of 5% of 
hydrogen chloride and 95% of air Was fed to the atmosphere, 
and the calcination Was continued for tWo hours. 

Example 4 

An experiment Was carried out in the same manner as that 
in Example 1 except that the calcination temperature Was set 
to be 7500 C. and the calcination period Was set to be one 
hour. 

Example 5 

An experiment Was carried out in the same manner as that 
in Example 1 except that the calcination temperature Was set 
to be 850° C. and the calcination period Was set to be one 
hour. 

Example 6 

An experiment Was carried out in the same manner as that 
in Example 1 except that the concentration of hydrogen 
chloride Was set to be 3% and the calcination period Was set 
to be one hour. 

Comparative Example 1 

Titanium oxide and barium carbonate Were mixed at a 
molar rate of 1:1 in the same manner as that in Example 1, 
and the mixture Was calcined in air at 800° C. According to 
analysis by X-ray diffraction, barium titanate Was produced, 
but barium carbonate remained, and further, presence of 
titanium oxide and barium oxide Was observed (described as 
“multi-phase” in Table 1). A non-uniform primary particle 
diameter Was obtained. 

Comparative Example 2 

An experiment Was carried out in the same manner as that 
in Example 1 except that hydrogen chloride gas Was fed 
since a stage of room temperature. The poWder after the 
calcination contained chlorides, and hence, it Was a multi 
phase mixture. 

Example 7 

Ignition losses (a loss of Weight When moisture is 
removed by calcining to 1100° C. to obtain an oxide) of 
barium carbonate (produced by Kanto Kagaku, guaranteed 
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8 
reagent), barium ?uoride (produced by Nacalai Tesque, 
guaranteed reagent), and titanium oxide (produced by Ishi 
hara Sangyo Kaisha, Ltd., TTO-55N Grade) Were deter 
mined, and deviations in the Weight due to volatiliZation of 
Water and other volatile components are corrected according 
to the data of the ignition losses, so that barium carbonate, 
barium ?uoride, and titanium oxide Were Weighed so as to 
have a molar ratio of 0.98:0.02z1. As a result, a molar ratio 
betWeen a total molar amount of Ba and a molar amount of 
Ti Was 1:1. These materials Were mixed by a dry ball mill 
using a polyethylene pot and a plastic ball With an iron core. 
The mixture Was calcined at 700° C. in air. A poWder 
obtained Was single-phase BaTiO3, and had a mean primary 
particle diameter of 0.1 pm. Particles of the poWder Were in 
an approximately spherical and uniform shape. Conditions 
and results of the experiment are shoWn in Table 1. In Table 
1, the material mixture molar ratio refers to a molar ratio of 
titanium compounds (other then halogen compounds): 
barium carbonate: arium halide s calculated using the data of 
the ignition losses. 

Example 8 

An experiment Was carried out in the same manner as that 
in Example 7 except that the molar ratio betWeen barium 
carbonate and barium ?uoride Was set to be 995105. 

Example 9 

An experiment Was carried out in the same manner as that 
in Example 7 except that the molar ratio betWeen barium 
carbonate and barium ?uoride Was set to be 95:5. 

Example 10 

An experiment Was carried out in the same manner as that 
in Example 7 except that the calcination temperature Was set 
to be 800° C. 

Example 11 

An experiment Was carried out in the same manner as that 
in Example 7 except that the calcination temperature Was set 
to be 900° C. 

Example 12 

An experiment Was carried out in the same manner as that 
in Example 7 except that barium chloride (produced by 
Nacalai Tesque, guaranteed reagent) Was used in place of 
barium ?uoride and the calcination Was carried out at 800° 
C. 

Example 13 

An experiment Was carried out in the same manner as that 
in Example 7 except that barium bromide Was used in place 
of barium ?uoride and the calcination Was carried out at 
800° C. 

Example 14 

An experiment Was carried out in the same manner as that 
in Example 7 except that titania sol synthesiZed by neutral 
iZation of titanium tetrahydrate (produced by Nacalai 
Tesque, guaranteed reagent) Was used as a compound of 
titanium other than halogenated titanium. 
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Conditions and results of the foregoing experiments are 
shoWn in Table 1. It should be noted that the material 
mixture molar ratio in Table 1 refers to a molar ratio of 
titanium salt: arium salt calculated using the data of the 
ignition losses. 

TABLE 1 

Concentration Calcination 
Source of Source of of hydrogen temper 
titanium barium chloride (‘70) ature (O C.) 

Example 1 Titanium Barium 5 800 
oxide carbonate 

Example 2 Titanium Barium 5 850 
oxide carbonate 

Example 3 Titanium Barium 5 800 
oxide carbonate 

Example 4 Titanium Barium 5 750 
oxide carbonate 

Example 5 Titanium Barium 5 850 
oxide carbonate 

Example 6 Titanium Barium 3 800 
oxide carbonate 

Example 7 Titanium Barium 21) 700 
oxide ?uoride 

Example 8 Titanium Barium 0.51) 700 
oxide ?uoride 

Example 9 Titanium Barium 51) 700 
oxide ?uoride 

Example 10 Titanium Barium 21) 800 
oxide ?uoride 

Example 11 Titanium Barium 21) 900 
oxide ?uoride 

Example 12 Titanium Barium 21) 800 
oxide chloride 

Example 13 Titanium Barium 21) 800 
oxide bromide 

Example 14 Titania Barium 21) 700 
sol ?uoride 

Comparative Titanium Barium 0 800 
example 1 oxide carbonate 
Comparative Titanium Barium from room 800 
example 2 oxide carbonate temp. 
Comparative Titanium Barium 5 500 
example 3 oxide carbonate 
Comparative Titanium Barium 5 1100 
example 4 oxide carbonate 

Primary 
Calcination Crystalline particle 
period (hr) phase diameter (,um) Shape 

Example 1 2 BaTiO3 0.13 Sphere 
Example 2 2 BaTiO3 0.2 Sphere 
Example 3 2 BaTiO3 0.16 Sphere 
Example 4 1 BaTiO3 0.11 Sphere 
Example 5 1 BaTiO3 0.15 Sphere 
Example 6 1 BaTiO3 0.12 Sphere 
Example 7 6 BaTiO3 0.1 Sphere 
Example 8 6 BaTiO3 0.1 Sphere 
Example 9 6 BaTiO3 0.1 Sphere 
Example 10 6 BaTiO3 0.1 Sphere 
Example 11 6 BaTiO3 0.2 Sphere 
Example 12 6 BaTiO3 0.1 Sphere 
Example 13 6 BaTiO3 0.1 Sphere 
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TABLE 1-continued 

Example 14 6 BaTiO3 0.1 Sphere 
Comparative 2 multi-phase not-measured non-uniform 
example1 
Comparative 2 multi-phase not-measured non-uniform 
example2 
Comparative 2 multi-phase not-measured non-uniform 
example3 
Comparative 2 multi-phase not-measured non-uniform 
example4 

1)Mol % of Barium ?uoride. Barium carbonate + barium ?uoride = 100 
mol %. 

The producing method of the present invention enables 
production of a complex metal oxide poWder composed of 
?ne particles, each in an approximately spherical shape, and 
a perovskite-structure oxide poWder produced by the present 
method excels in dispersiveness, moldability, and calcin 
ability, thereby suitable for use in electronic components, 
particularly multilayer capacitors, actuators, ?lters, etc. 

What is claimed is: 
1. A method for producing a complex metal oxide poWder 

comprising: 
heating at least tWo metal salts, or a complex metal salt 

comprising tWo different metals, at a hydrogen halide 
gas concentration of not more than about 0.1 vol%, to 
a temperature at Which transition to a complex metal 
oxide occurs, and calcining the metal salts or the 
complex metal salt in the presence of a hydrogen halide 
gas. 

2. The method according to claim 1, Wherein a concen 
tration of the hydrogen halide gas in the calcining is from 
about 0.1 vol% to about 10 vol%. 

3. The method according to claim 1, Wherein at least one 
metal salt is a metal halide salt, and at least one metal salt 
is a non metal halide salt. 

4. The method according to claim 1, Wherein the complex 
metal salt comprises at least tWo different metal atoms, a 
halogen atom, and a non-halogen atom. 

5. The method according to claim 4, Wherein each non 
metal halide salt is made of the same metal as one of the 
metal halide salts. 

6. The method according to claim 5, Wherein the metal 
halide salt and the non metal halide salt made of the same 
metal are at a molar ratio in a range of 99.9:0.1 to 90:10. 

7. The method according to claim 1, Wherein a tempera 
ture of the calcination is from about 5000° C. to about 
10000° C. 

8. The method according to claim 1, Wherein the complex 
metal oxide poWder is a perovskite-structure oxide poWder. 

9. The method according to claim 8, Wherein the perovs 
kite-structure oxide poWder comprises a titanate. 


